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ABSTRACT 

Context. We report on the optical spectroscopic analysis of a sample of 99 low-luminosity quasi-stellar objects (LLQSOs) at z < 0.06 
base the Hamburg/ESO QSO survey (HES). To better relate the low-redshift active galactic nucleus (AGN) to the QSO population it is 
important to study samples of the latter type at a level of detail similar to that of the low-redshift AGN. Powerful QSOs, however, are 
absent at low redshifts due to evolutionary effects and their small space density. Our understanding of the (distant) QSO population 
is, therefore, significantly limited by angular resolution and sensitivity. The LLQSOs presented here offer the possibility of studying 
the faint end of this population at smaller cosmological distances and, therefore, in greater detail. 

Aims. In comparing two spectroscopic methods, we aim to establish a reliable activity classification scheme of the LLQSOs sample. 
Our goal is to enrich our systematic multiwavelength analysis of the AGN/starburst relation in these systems and give a complementary 
information on this particular sample of LLQSOs from the Hamburg ESO survey. 

Methods. Here, we present results of the analysis of visible wavelength spectroscopy provided by the HES and the 6 Degree Field 
Galaxy Survey (6dFGS). These surveys use different spectroscopic techniques, long-slit and circular fiber, respectively. These allow 
us to assess the influence of different apertures on the activity of the LLQSOs using classical optical diagnostic diagrams. We perform 
a Gaussian fitting of strong optical emission lines and decompose narrow and broad Balmer components. 

Results. A small number of our LLQSO present no broad component, which is likely to be present but buried in the noise. Two sources 
show double broad components, whereas six comply with the classic NLSl requirements. As expected in NLR of broad line AGNs, 
the [Sii]-based electron density values range between 100 and 1000 Nj/cm^. Using the optical characteristics of Populations A and B, 
we find that 50% of our sources with Hj8 broad emission are consistent with the radio-quiet sources definition. The remaining sources 
could be interpreted as low-luminosity radio-loud quasar. The BPT-based classification renders an AGN/Seyfert activity between 50 
to 60%. For the remaining sources, the possible starburst contribution might control the LINER and Hit classification. Finally, we 
discuss the aperture effect as responsible for the differences found between data sets, although variability in the BLR could play a 
significant role as well. 

Key words, galaxies: Seyfert - quasars - starburst - emission lines 


1. Introduction 

Accretion of matter onto a supermassive black hole (S’ 4BH) at 
the center of a galaxy is the main energy source of galaxies host¬ 
ing an active galactic nucleus (AGN). In a similar vein, the cen¬ 
ters of starburst galaxies are not considered to be ve y active 
in terms of nonthermal emission arising from nuclear ; ccretion 
and star formation processes originate the energy outpu instead. 
However, the association between the AGN activity ant I the star 
formation mechanism is still undetermined in galaxy £ volution 
scenarios. Hence, reliable classification frames are vital |to estab¬ 
lish the activity of the galaxies. 
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(1981, BPT diagrams), Veilleux & Osterbrock ( |1987a ), and 


recently by Kewley et al. ([2006a). The main idea is to dis- 


nate between the different excitation mechanisms operat- 
n the line emitting gas. Depending on the contribution of 
.GN, the galaxies can be categorized as quasi-stellar objects 
s), from the high-power tail of the distribution in BPT di¬ 
ns down to Seyfe rts and low-ionizatio n nuclear wmission 
eegions (LINERs; Heckman et al. 1980 ). 
he nature of LINERs has been a long debate, with sev- 
explanations being offered to account for it. Ionization 
locks was one of the first, (Heckman 1980|), with young 
Pars being respo nsible for it ([Terlevich & Melnick 1985; 


Dopi ta & Sutherland! |1995a|). Pr e-main sequence stars ioniza- 
(|Cid Eernandes et al. 2004) have also been proposed as 


the I rain fraction of the AGN population. More recently. 


i ng r idial emission-line surface brightness profiles, Singh et al. 


( |201 1) found that the class of LINER galaxies are not generally 
uniq lely powered by a central AGN. They postulate that the ex- 
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spectra in these sources is the presence of emission lines. Narrow 
permitted and forbidden emission lines (300-1000 km/s width) 
originating in the narrow line region (NLR) and especially broad 
lines (2000-6000 km/s width) originating in the broad line re¬ 
gion (BL R) are considered to be an una mbiguous indication of 
an AGN (Veilleux & Osterbrock 19871:). Some objects, such as 
QSOs and Seyfert 1 galaxies, show both types of lines. Seyfert 
2s and LINERs show only narrow line emission. 

Activity classification and diagnostic schemes relying on op¬ 
tical spectroscopic observations need to be handled carefully. 
The extended emission of the host galaxy may contaminate the 
point source nuclear spectral light. Early studies discussed the 
observational effects on early-type galaxies, wh i ch appear to b e 
redder in their centers ( de Vaucouleurs 1961 ; Hodge 1963 ) . 
The color-aperture relation in early-type spiral galaxies has been 
shown to depe nd on the redshift and the size of the aperture 
(Tinsley 19711. The Ha emission line is wi dely used f or esti - 
mations of star formation rates (SER, e.g., Kennicutt (19831) 
and more recent analyses have dealt with the impact of aper¬ 
ture, which can lead to substantial fractions of the emission- 


line flux loss (Zaritskv et al. 

19951 Perez-Gonzalez et al. 

o 

o 

Eurthermore, 

Hopkins et al. i 

2003P concluded that the Ha SERs 


of SDSS samples are overestimated for nearby or most massive 
galaxies. The comparison with the radio SERs led to a large de¬ 
viation of the Ha S ERs and the quantif ication of aperture ef¬ 
fect was challenging. Kewley et al. ( 2005| ) investigated the effect 
of aperture on metalicity, extinction, and star formation rate by 
studying the integrated and nuclear spectra of a sample of galax¬ 
ies as a function of both galaxy type and luminosity. They found 
that for flux covering fractions < 20% of the galaxy light, the 
difference between the nuclear and global metalicity, extinction 
and star formation rate is substantial. 

The influence of the atmospheric seeing effects on mea¬ 
surements of the [O iii]/Hy6 flux ratio and, in particular, for the 
case of the NLR of Seyfe rt galaxies is discussed in a study by 
Peterson & Collins] (1983), using models of the surface bright¬ 
ness distribution. Their model resulted in a systematic effect of 
the [Oiii]/Hy6 flux ratio at the 25% level for apertures close to 
the s ize of the NLR (usua l case for the near Seyfert 1 galax¬ 
ies). [Wanders et al. ( 1992 ) show the importance of the seeing 
effects in variability studies of low-luminosity Seyfert 1 galax¬ 
ies by simulating the seeing variations. Since the BLR and the 
continuum source are not resolved, the seeing can drive the un¬ 
certainties on the measured ratio of t he nar row line flux to BLR. 

Recently, [Vlaragkoudakis et'H! (2014) calculated the mean 
dispersion for the diagnostic line ratios used in the standard BPT 
diagram with respect to the central aperture of central extraction 
to obtain an estimate of the uncertainties resulting from aperture 
effects. They found that the starlight subtraction does not sig¬ 
nificantly change the effect of a different placement in the BPT 
diagrams, which results from a fiber and standard slit observa¬ 
tional methods. 

The main purpose of this paper is to characterize a sample of 
LLQSOs via the analysis of their optical spectra. We aim to clas¬ 
sify their nuclear activity and to provide a more in-depth study 
of the aperture effect using a unique sample of low-luminosity 
AGN in the local universe. The sample members are among the 
closest AGN and have been s tudied at high angular resolution 
and with a variety of methods ( Fischer et al. 2006 ; Bertram et al 


(e.g., the Atacama large millimeter array - ALMA, the square 
kilometer arry - SKA, the James Webb telescope - JWST). 

This paper is structured as follows. In Section we intro¬ 
duce the low-luminosity QSO sample and its selection criteria. 
The data we used for this study are presented in Section I The 
^ectroscopic analysis that we followed is described in Section 
^. Section | presents the fitting results and draws some general 
sample characteristics based on them. The activity classifica¬ 
tion scheme of the sample is shown in Section ^ also compar¬ 
ing the results obtained using different observational techniques. 
Moreover, we compare the activity classification for both fiber 
and long-slit methods. Einally, we discuss the impact of the aper¬ 
ture effect in Section ^ and summarize in Section ||. 


2. The low-luminosity QSO sample 

Our low-luminosity QSO sample is dr awn from the 
Hamburg/ESO QSO survey (hereafter HES; jWisotzki et al. 


1996; l^eimers et al. 1996; Wisotzki et al. 2000), a wide angle 
(^9500 deg"^) Southern Hemisphere survey for optically bright 
QSOs. The HES selects Type 1 AGNs up to a redshift of 
about 3.2, and has a brightness limit of By < 17.3. Because 
of variations on the observed field, this brightness limit has a 

dispersion of ~ 0.5 mag. _ 

Classic QSO detection techniques (e.g., [Schmidt & Green 


1983) tend to miss luminous AGN, especially at low redshift. 


This introduces a distance-dependent incompleteness, which is 
not uncommon in QSOs surveys. Comparatively, the method 
used by the HES facilitates the inclusion of bright extended ob¬ 
jects, which are located at the faint end of the distribution (17 
< Bj <18). We selected a subsample of 99 objects from the HES 
(see Table |^. The main selection criteria was that they should all 
have a small cosmological distance, z < 0.06, thus ensuring the 
presence of the stel lar CO(2-0) band h ead in the near-infrared 
(NIR) K-band (e.g., Fischer et al. 2006). 



Eig.l: 

pie. 


-22 -20 -18 
Absolute magnitude M(Bj) 

Absolute Bj magnitude distribution of the LLQSOs sam- 


Eigure presents the absolute B j magnitude distribution of 
the sample. Absolute magnitudes, M{Bj), were estimated from 
the foreground extinction corrected apparent magnitudes and as- 
suming an AGN power-l aw. Fy oc with index a - 0.5 


( [Vanden Berk et al.|[2001[ ). The absolute magnitude covers the 
range -23 < M{Bj) < -16. 
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As shown in Fig^ following the commonly used demarca¬ 
tion between QSOs and Seyfertl Mb - 21.5-1- Slogho our sub¬ 
sample falls into the Seyfert 1 region, slightly under luminous to 
be classified as QSOs. We then chose to name the objects pre¬ 
sented here as low-luminosity QSOs (LLQSOs). 


3 


E. Tremou et al.: LLQSO: spectroscopic properties and activity classification 


Table 1. Main characteristics of the LLQSOs sample: HES and 6dFGS names, 
J2000 coordinates and redshift. $ marks galaxies for which we do not have HES 
optical spectra. 


ID 

HES name 

6dEGS name 

RA [deg] 

DEC [deg] 

redshift 

1 

HE0003-5023 


1.42917 

-50.11530 

0.0334 

2 

HE0021-1810 


5.91417 

-17.89810 

0.0535 

3 

HE0021-1819 

g0023554-180251 

5.98042 

-18.04720 

0.0532 

4 

HE0022-4546* 

g0025013-452955 

6.25500 

-45.49830 

0.056 

5 

HE0036-5133* 

g0039159-511702 

9.81583 

-51.28390 

0.0288 

6 

HE0038-0758 


10.21960 

-7.70278 

0.054 

7 

HE0040-1105 

g0042369-104922 

10.65330 

-10.82250 

0.042 

8 

HE0045-2145 

g0047413-212927 

11.92210 

-21.49080 

0.0214 

9 

HE0051-2420 

g0053544-240437 

13.47670 

-24.07670 

0.056 

10 

HE0103-3447 


16.44420 

-34.52920 

0.057 

11 

HE0103-5842 


16.32080 

-58.43780 

0.0257 

12 

HE0108-1631 

gOl11143-161555 

17.80920 

-16.26500 

0.052 

13 

HE0108-4743* 

gOl11097-472735 

17.79040 

-47.46000 

0.0239 

14 

HEOl 11-1506* 

gOl13499-145057 

18.45750 

-14.84920 

0.0527 

15 

HEOl 14-0015 


19.26500 

0.00750 

0.0456 

16 

HEOl 19-0118 


20.49920 

-1.04028 

0.0547 

17 

HEOl 22-5137 


21.25080 

-51.36580 

0.052 

18 

HE0125-1904 


22.02790 

-18.80860 

0.043 

19 

HE0126-0753 

g0129067-073830 

22.27750 

-7.64167 

0.056 

20 

HE0149-3626 

g0151419-361116 

27.92460 

-36.18780 

0.0335 

21 

HEOl 50-0344 


28.25580 

-3.49000 

0.0478 

22 

HE0203-0031 

g0206160-001729 

31.56620 

-0.29139 

0.0424 

23 

HE0212-0059 

g0214336-004600 

33.64000 

-0.76667 

0.0264 

24 

HE0224-2834 

g0226257-282059 

36.60710 

-28.34970 

0.0605 

25 

HE0227-0913* 

g0230055-085953 

37.52250 

-8.99806 

0.0164 

26 

HE0232-0900 

g0234378-084716 

38.65710 

-8.78778 

0.043 

27 

HE0236-3101 


39.68790 

-30.80670 

0.062 

28 

HE0236-5224 


39.58210 

-52.19220 

0.045 

29 

HE0253-1641 

g0256027-162916 

44.01080 

-16.48780 

0.032 

30 

HE0257-2434 

g0259305-242254 

44.87710 

-24.38170 

0.035 

31 

HE0323-4204 


51.25920 

-41.90500 

0.058 

32 

HE0330-1404 

g0333078-135433 

53.28210 

-13.90940 

0.04 

33 

HE0332-1523 

g0334245-151340 

53.60210 

-15.22810 

0.035 

34 

HE0336-5545 


54.52620 

-55.60000 

0.059 

35 

HE0342-2657* 

g0345032-264820 

56.26330 

-26.80530 

0.058 

36 

HE0343-3943* 

g0345125-393429 

56.30210 

-39.57500 

0.0431 

37 

HE0345-H0056 


56.91750 

1.08722 

0.031 

38 

HE0349-4036 

g0351417-402759 

57.92330 

-40.46640 

0.0582 

39 

HE0351-H0240 


58.53920 

2.82500 

0.034 

40 

HE0358-3713 

g0400407-370506 

60.16960 

-37.08530 

0.051 

41 

HE0359-3841 

g0401462-383320 

60.44250 

-38.55580 

0.059 

42 

HE0403-3719 

g0405017-371115 

61.25670 

-37.18780 

0.0552 

43 

HE0412-0803 

g0414527-075540 

63.71920 

-7.92806 

0.0379 

44 

HE0429-0247 

g0431371-024124 

67.90420 

-2.69028 

0.041 

45 

HE0429-5343 


67.66670 

-53.61560 

0.04 

46 

HE0433-1028 

g0436223-102234 

69.09250 

-10.37580 

0.0355 

47 

HE0433-1150|] 


68.88540 

-11.74030 

0.058 

48 

HE0436-4717 


69.36710 

-47.19140 

0.053 

49 

HE0439-0832 


70.47500 

-8.44306 

0.045 

50 

HE0444-0513 


71.83580 

-5.13722 

0.0442 

51 

HE0447-0404 

g0450251-035903 

72.60420 

-3.98389 

0.022 

52 

HE0521-3630* 

g0522580-362731 

80.74170 

-36.45890 

0.0553 

53 

HE0535-4224 

g0537331-422230 

84.38750 

-42.37500 

0.035 

54 

HE0608-5606 

g0609175-560658 

92.32330 

-56.11610 

0.0318 

55 

HE0853-0126 

g0856178-013807 

134.07401 

-1.63528 

0.0597 

56 

HE0853-H0102 


133.97600 

0.85278 

0.052 


' Spectral resolution about 770 km/s. 
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Table 1. continued 


ID 

HES name 

6dEGS name 

RA [deg] 

DEC [deg] 

redshift 

57 

HEO934+O1190 


144.25400 

1.09528 

0.0503 

58 

HE0949-0122 

g0952191-013644 

148.07899 

-1.61222 

0.0197 

59 

HElOl 1-0403 

gl014207-041841 

153.58600 

-4.31139 

0.0586 

60 

HE1013-1947 


153.98500 

-20.04080 

0.0547 

61 

HE1017-0305 


154.88699 

-3.33750 

0.0492 

62 

HE1029-183l| 

gl031573-184633 

157.98900 

-18.77610 

0.0404 

63 

HEl 107-0813 


167.45200 

-8.50417 

0.0583 

64 

HEl 108-2813 

gl110480-283004 

167.70000 

-28.50080 

0.024 

65 

HEl 126-0407 


172.31900 

-4.40222 

0.0601 

66 

HEl 136-2304 

gll38510-232135 

174.71300 

-23.36000 

0.027 

67 

HE1143-1810 


176.41901 

-18.45470 

0.0329 

68 

HE1237-0504* 


189.91400 

-5.34444 

0.0084 

69 

HE1248-1356 

gl251324-141316 

192.88499 

-14.22140 

0.0145 

70 

HE1256-1805* 


194.67900 

-18.36000 

0.014 

71 

HE1310-1051 

gl313058-l10742 

198.27400 

-11.12830 

0.034 

72 

HE1319-3048 

gl321582-310426 

200.49200 

-31.07360 

0.0448 

73 

HE1328-2508 

gl331138-252410 

202.80800 

-25.40280 

0.026 

74 

HE1330-1013 

gl332391-102853 

203.16299 

-10.48140 

0.0225 

75 

HE1338-1423 


205.30400 

-14.64440 

0.0418 

76 

HEl 346-3003 

gl349193-301834 

207.33000 

-30.30970 

0.0161 

77 

HE1348-1758 

gl351295-181347 

207.87300 

-18.22970 

0.012 

78 

HE1353-1917 

gl356367-193145 

209.15300 

-19.52890 

0.0349 

79 

HE1417-0909 


215.02600 

-9.38694 

0.044 

80 

HE2112-5926 


318.96500 

-59.23170 

0.0317 

81 

HE2128-0221 

g2130499-020814 

322.70801 

-2.13750 

0.0528 

82 

HE2129-3356 

g2132022-334254 

323.00900 

-33.71500 

0.0293 

83 

HE2204-3249 

g2207450-323502 

331.93799 

-32.58390 

0.0594 

84 

HE2211-3903* 

g2214420-384823 

333.67499 

-38.80670 

0.0398 

85 

HE2221-0221* 


335.95700 

-2.10361 

0.057 

86 

HE2222-0026 

g2224353-001104 

336.14700 

-0.18444 

0.0581 

87 

HE2231-3722 

g2234409-370644 

338.67099 

-37.11220 

0.043 

88 

HE2233-H0124 


338.92499 

1.65917 

0.0564 

89 

HE2236-3621 


339.77200 

-36.09810 

0.06 

90 

HE2251-3316 

g2253587-330014 

343.49399 

-33.00360 

0.056 

91 

HE2254-3712 

g2257390-365607 

344.41199 

-36.93530 

0.038 

92 

HE2301-3517 


346.15500 

-35.02000 

0.04 

93 

HE2302-0857 


346.18100 

-8.68583 

0.0471 

94 

HE2306-3246 

g2309192-322958 

347.32999 

-32.49940 

0.052 

95 

HE2322-3843 


351.35101 

-38.44690 

0.0359 

96 

HE2323-6122 

g2326376-610602 

351.65701 

-61.10030 

0.0413 

97 

HE2337-2649 

g2340321-263319 

355.13300 

-26.55530 

0.0496 

98 

HE2343-5235 


356.43500 

-52.31000 

0.035 

99 

HE2354-3044 


359.36700 

-30.46110 

0.0307 


^ Spectral resolution about 880 km/s. 
^ Spectral resolution about 880 km/s. 
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The LLQSO sample has been studied intensively at multi¬ 
ple wavelengths with both photometry and spectroscopy. For all 
sample members accessible from the northern hemisphere, we 
obtained millimet er measurements of C O( 1 -0) and CO(2-l) (39 
out of 99 objects Bertram et al. 2007). For 27 of the CO de- 
tectedobiectSj^ealso_obtained^j_cmJH[Imeasuremen^K6nig 
et al. [2009D . Both observations show that LLQSO hosts are rich 
in cold molecular/atomic gas (Mh, ~ SxlO^M®, Mhi ~ lO^^M©) 
and that the molecular gas is conc entrated in the central kpc 
(|Krips et al.||2007j [Vloser et al.||2012|). In the near-infrared (NIR), 
so far we studied nine LLQSOs with the VLT. For eight of those, 
we o btained ISAAC long-slit /T-band spectra (Fischer et al.| 
2006D and for the ninth, we obtained adap tive-optics-as sisted 
H + K imaging spectroscopy with SINFONI ( Fischei 2008 ). The 
current NIR data reveal predominantly late-type hosts with a 
high incidence of bars. The AGN-subtracted colors in the NIR 
are typical for non active, late-type ga laxies. 

More recently, Busch et al. ( 2014 ) studied a subsample of 20 
of our LLQSOs, performing aperture photometry and a decom¬ 
position into bulge, dis k, bar, and bar components in the NIR. 
In good agreement with Fischer ( 2008 ), the analysis reveals that 
50% of hosts are disk galaxies, 86% of them barred. The study 
also reveals stellar and black hole masses lower than those typ¬ 
ical for brighter QSOs. Also, these LLQSOs do not follow the 
^BH-^buige relation for inactive galaxies. 



Fig. 2: Redshift magnitude diagram of the sample. All sources 
observed by the HES. Filled symbols represent thoes observed 
by the 6df as well. The dotted vertical line marks the classical 
demarcation between QSO and Seyfert 1 galaxies. The solid line 
represents the magnitude limit of the HES {Bj < 17.3), whereas 
the dot-dashed line marks the 0.5 mag dispersion. 


3. Data used 


The optical spectroscopic analysis of the LLQSO sample is 
based on two sets of observ ations. The first data set is from 
the HES ( |Reimers et al. 1996), in which follow-up observations 
were carried out to confirm the type-1 character of the survey 
candidates spectroscopically. In addition to this, we have used 
data from the 6 Degree Eield Gal axy survey (6dEGS), an opti¬ 
cal spectroscopy public database (tones et al. 2004, 2009|). The 
6df data generally offers a better spectral resolution, and com¬ 
bined with the HES allows us to discuss aspects like aperture 
effect and its impact in the results. The redshift distribution of 
both data sets is very comparable (see Eig. ||), with no bias of the 
6dEGS subsample toward lower or higher redshifts. The HES 


provides 71 and the 6dEGS 58 spectra of our 99 LLQSO sample 
(see details in Table p. 



0.00 


0.02 0.04 0.06 

redshift 


Eig. 3: Redshift distribution of the LLQSO sample (as given in 
Tables]^. Sources from 6dEGS are represented with a solid his¬ 
togram, while HES sources with dashed histogram. 


3.1. The HES data 


The HES used three ESO telescopes (3.6 m, 2.2 m, 1.52 m) 
to obtain long-slit, low-resolution spectra (R « 165 - 938, i.e 
EWHM 1800 - 320kms“') during five observing campaigns 
between 1990 and 1994. Depending on the seeing conditions, 
the slit width varied between 175 and 275, while the slit position 
angle was always east-west. A detailed d escription of the instru - 
ment setup and data reduction is given in Reimers et al. (1996). 

W e optimally ex tracted spectra with an algorithm similar to 
that of Horne (198f). Leaving only the amplitudes as free param¬ 
eters, the extraction procedure minimizes contamination from 
nearby sources, while at the same time the extraction windows 
(and subsequent photometry) are limited to apertures the size 
of the seeing disk. We applied corrections for atm ospheric ex¬ 


tinction using a standard La Silla extinction curve (Burki et al. 


1995). The flux calibration accuracy, monitored by standard star 


spectra, is in many cases better than < 20%, but because of 
instrumental li mitations, data shoul d not be considered spec- 
trophotometric (Reimers et al. 1996) However, since we are us¬ 


ing flux ratios, the lack of spectrophotometrically calibrated data 
does not affect the results. 


3.2. The archive 6dFGS data 

The 6dEGS is designed to measure the redshift and peculiar 
velocities of a NIR sample of galaxies selected from the Two 
Micron All Sky Survey (2MASS). In addition, a variety of tar¬ 
gets from other surveys were included as filler programs. A de¬ 


t ailed description of the survey can be found in lones et al. 
(|2004). The instrument used to carry out the 6dFGS was the Six 


DegreeFieldjnultiobiectfibers£ectro£ra£lGacilit^_(6d^Parker 


et al. 1998[ ), located at the 1.2 m Anglo-Australian Observatory’s 
UK Schmidt Telescope (UKST). It is able to record 150 simul¬ 
taneous spectra over a 5.7 deg field. Spectra are obtained with a 
677 diameter fiber, using two separate V and R gratings, which 
together give R ^ 1000 (corresp. to about FWHM a; 300 km s ') 
and cover at least 4000- 7500 A. Typical signal-to-noise ratios 
are ~ 10 per pixel. The same fixed average spectral transfer 
function is assumed for each plate all the time. Differences in 
the transfer function between individual fibers are corrected for 
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by the flat-fielding. All data are flux calibrated using 6dF ob- 
servations_ofthestandard_stars^£i£e]J^_and^G27A_Se£jones 


et al. ( p004| , [2009 ) for full details on the spectra processing. We 
retrieved the already reduced data for our cross-matched sample 
from the publicly accessible online database^ We make use of 
6dFGS data release 3 (DR3), which is the final redshift release. 


4. Spectral line fitting 

The analysis of the optical spectra for both HES and 6dFGS fo¬ 
cuses on seven emission lines: Her A 6562A (hereafter Ha), HyS 
A 4861A (hereafter H/3), [Nii] AA 6548, 6583A, [Out] AA 4959, 
5007A, [Sii] AA 6717,6731A, and [Oi] A 6300A. These lines 
were selected to classify the host galaxies us ing the standard 
BPT diagnostic diagrams (Baldwin et al, 1981). 


The basic assumption here is that, since the hosts in the HES 
sources are usually relatively faint, the stellar contribution to the 
Balmer-line measurements is, in general, negligible. 

There are, however, several cases in which Eeii and Mgib 
5180 features are clearly seen, so we have assessed their impact 
in the fitting results. It is not uncommon for Seyfertl galaxies to 
show broad and Een emission lines fe atures in the blue region of 
the optical spectra (Dong et al.l 2011). This emission surrounds 


and potentially contaminates the Hj0-i-[Oiii] complex, although 
its presence and strength is not directly related to the lines under 
study. Eor the 6dEGS galaxies in our sample, 20% exhibit clear 
Eeii features, whereas 24% show unclear or low-level traces of 
it. In our HES data, these values are 30% and 53%, respectively. 
We estimate that, in galaxies with a strong Eeii contribution, this 
may lead to a maximum uncertainty of 15% in the emission lines 
flux measurements of the H/3 and [Oi] lines. Depending on the 
case, this would add up an uncertainty of up to 0.13 dex on the 
0[iii]/Hy6 axis of the BPT diagnostic diagrams. 

Old stellar populations are responsible for the MgIb absorp¬ 
tion feature_tha£_can_bias_thejimowJines_^ttingjesult^Bica 
& Alloin 19861). In this case 25% of our 6dPGS and 27% of 
our HES source clearly exhibit it, whereas 22% and 17% of the 
studies 6dEGS and HES spectra, respectively, present it at a low 
level. In this case, we do not aim to study the galaxies’ stellar 
populations; we hence chose to fit the nebular emission lines us¬ 
ing restricted spectral windows, and locally fit the continuum in 
each case with a first order polynomial fit. When broad absorp¬ 
tion features, such as that of Mgib, are present, they would be 
accounted for as part of the continuum. This approach is not far 
from the standard SDSS estimate of the stellar continuum using a 
sliding median, which has been proven to be adequate for strong 
emission lines. This may be problematic i f the aim is to recove r 
weaker stellar or Balmer absorption lines ( Tremonti et al. 2004 ), 
but they are not the focus of the present paper. 

Eor each spectrum, the total integrated flux, central wave¬ 
length, and width of the relevant emission lines have been mea¬ 
sured fittin g Gaussian functi ons using the MPFIT IDE software 
package ^ (Markwardt 2009). We fit all lines using narrow com¬ 
ponents, except for Ha and H/3 , which present both narrow and 
broad (coming from the narrow and broad line regions, respec¬ 
tively). It is well known that, under certain conditions such as 
line blending, the fitting algorithms may derive different solu¬ 
tions. Some of our HES spectra suffer from line blending, es¬ 
pecially in the Ha-i-[Nii] complex and [Sii] spectral regions. 


Therefore we decided to apply some restrictions to increase the 
reliability of our results. 

The Hp and [Oiii] lines were analyzed simultaneously (see 
Eig.^. The H^ broad component was fitted with no constraints. 
We assumed the three narrow components have the same width 
and kinematics. Additionally, we fit the [Oiii] lines with two 
Gaus sians with the intensity ratio fixed to the theoretical value 
of 3 ( Dimitrijevic et al. 2007| ). 

Similarly, the Ha and [N ii] lines complex was simultane¬ 
ously fitted (Fig. ||), and the Ha broad component was left free. 
The narrow components were assumed to have the same kine¬ 
matics and width . For the [N n] doublet, the i ntensit y ratio was 
set to 3 as well (Osterbrock |1989| ; Ho et al. 1997a). The [Oi] 
lines (Fig. ||) were individually fitted with a single component, 
with no particular constrains. Finally, as the [S ii] line ratio can 
be used to estima te the electron density of the emitting gas (e.g., 
psterbrocki |1989| ), we only assumed that both lines share the 
same kinematics (see Fig. 

With the intention of having a more robust result, we tried to 
impose the same FWHM to all narrow emission lines. This ap¬ 
proach did not work, because in many cases, especially for the 
HES data, strong blending was affecting the Ha-i-[N ii] complex. 
This made it very difficult for the fit to converge, especially con¬ 
sidering that in most cases an extra broad component was needed 
to fit Ha. Because of this and the inherent difficulties of the per¬ 
formed fits in the HyS region due to the presence of Ee ii lines and 
uncertainties in the result of the spectral slope, we chose not to 
impose conditions between different spectral regimes. Instead, 
we demonstrated that the results were consistent for both narrow 
and broad components after the fits were finished (see Section 

5). 


5. General fitting results 

We have analyzed the optical spectra of 71 observed with the 
HES (long-slit spectroscopy) and 58 sources obtained with the 
6dEGS (fiber spectroscopy). Tables ^ and ^ give information on 
the emission line flux ratios and line widths for 6dEGS and HES 
data, respectively. Because of low SNR in the HES spectra, in 
most cases the [S ii] and [Oi] spectral fits did not converge. As 
a result, for our analysis of the HES data set we only used the 
Balmer, [N ii], and [O iii] emission lines. 


5.1. Width of emission lines 

The 6dEGS line widths have been deconvolved according to the 
spectrometer resolution. Eor the HES sample we are giving ob¬ 
served widths; this is because a variety of different resolutions 
were used in the observations. The HES widths should hence be 
considered an upper limit. In this particular case this is not criti¬ 
cal, as the integrated flux would not change and we are using the 
width information only to characterize and give a quality flag to 
the spectral fits. 

Eigure || compares the FWHM values of the fitted broad hy¬ 
drogen recombination lines components, for both samples. All 
sources have FWHM larger than 1000 km s ', but the values 
are very scattered and do not follow any trend. Based on a 
study of more than 1000 local (z < 0.4) NLSyl, Zhou et al. 
(2006) found that the widths of the Ha and H/3 broad compo¬ 


http : //www-wfau. roe. ac. uk/6dFGS/| 


^ http://WWW.physics.wise.edu/-craigm/idl/fitting. 
html 


nents do follow a linear correlation. They find the best fit to be: 
FWHM{Ha) = 0.861 x FWHM{H/3). This relation has been 
positively tested for normal Seyfert 1 galaxies (M. Valencia- 
Schneider, priv. comm.), and reflects the fact that the lines are 
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he0236m3101 



Wavelength [Angstrom] 


he0236m3101 



(a) 


(b) 


Fig. 4: (a) HE0236-3101 (ID 27) as observed by the HES. All emission lines of interest are labeled, (b) Fitting of Wp 44861 A. Note 
the double Hy6 broad components needed to fit the spectrum. The blue dashed lines represent the broad components, the green dotted 
lines represent the narrow components, and the solid red line represents the final fit. 


he0203m0031 he0203m0031 




Wavelength [Angstrom] Wavelength [Angstrom] 

(a) (b) 

Fig. 5: (a) Same as Fig. except for galaxy HE 0203-0031 (ID 22) as observed by the HES. (b) Fitting of Ho- 46562A with one broad 
component for Ha and three narrow components for the Ha- N [ii] complex. The blue dashed line represents the broad component, 
the green dotted lines respresent the narrow components, and the solid red line represents the final fit. 


coming from different layers of the BLR. Forty-three% and 51% 
of the 6dFGS and HES galaxies follow the expected behavior 
within a 25% dispersion (see blue and green circles in Figure^. 
Although the HES spectrometer resolution is different for the Ha 
and Wp spectral regimes, we assume that the considered 25% un¬ 
certainty takes that into consideration. Both Wp and Ha narrow 
components should have similar line widths, as their emission 
comes from the same region and trace identical mechanisms. In 
this case, 68% and 44% of the 6dfGS and HES, repectively, ex¬ 
hibit the same FWHM for both narrow lines within a 25% devia¬ 
tion (see blue and green circles in Fig. The mean FWHM and 
standard deviations of both full samples and selected galaxies are 
given in Table As the spectral resolution in this investigation 
is limited, the diagnostic emission line ratios may still contain 
hidden contributions of broad lines in Ha and Yip. However, as 
these lines are broad, and probably of low intensity, they only 


have a minor influence on the diagnostic ratios and on the con¬ 
clusions we base them on. 

These departures in line widths measurements, between the lines 
of the same survey and average survey values, are not unex¬ 
pected. The differences between survey results, especially in the 
Ha narrow components, can be mostly accounted for by the bet¬ 
ter spectral resolution of the 6dfGS. Also, strong line blending, 
uncertainties in the result of the slope of the spectra, or contam¬ 
ination from iron lines in the case of Yip, can be responsible for 
departures from the expected correlations. This has an impact 
on the measured fluxes, and may have an impact on the galax¬ 
ies’ classification. For this reason, from now on we separate the 
two galaxy groups (following or not the expected correlations). 
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Wavelength[Angstrom] 


g1138510-232135 



Wavelength [Angstrom] 


(a) (b) 

Fig. 6: (a) 6dFGS rest-frame optical spectrum of HE 1136-2304 (ID 66). The optical emission lines of interest are labeled, (b) Fitting 
of [Oi] T6300A. 




6700 6800 6900 7000 

Wavelength [Angstrom] 


(b) 


Fig. 7; (a) Same as Fig.|, except for galaxy HE 2231-3722 (ID 87). (b) Eitting of [S ii] A 6717A and A 6731A. 


Table 2: Hydrogen recombination lines average F 
standard deviation for all studied galaxies, and for t 
selected following the critieria defined in Section 5.1 

WHM and 

le galaxies 

Line 

6df [km/s] 
All Gxs. 

HES [km/s] 
All 

6df [km/s] 
Sel. 

HES [km/s] 
Sel. 

^^^Broad 

4120±2545 

5179±2012 

3754±1563 

5610±1917 

^^^Narrow 

501±147 

1184±349 

479±110 

1156±331 

Broad 

3783±4431 

4301±1806 

2926±1180 

4623±1490 

HO'iVorrou’ 

487±140 

1093±527 

469±114 

1065±300 

5.2. Narrow line Seyfert 1 subsample 

Classically, narrow line Seyfert galaxies (NLSls) 
by the width of their optical Balmer emission lin 
Hy6, in combination with the relative weakness ol 
/15007A emission line, i.e. FWHM of the broad Hy6 
less than 2000 km/s and [Out] / HyStotai < 3 (e.g.. 

ire defined 

IS, such as 
the [Oiii] 
:omponent 
Dsterbrock 
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Fig. 8; FWHM of broad components fitted to the hydrogen rec ombination lines. The black line represents the expected relation 
(FWHM(Hq') = 0.861FWHM(Hj6)) as given by Zhou et al. ( 2006 ). Squares represent galaxies showing departures from this behavior 
of more than 25%. Circles represent galaxies that comply with this relation within a 25%. 

(a) Results for the HES. (b) Results for the 6df survey. 




FWHM(Ha„™)[km/s] 


(a) 


(b) 


Fig. 9: FWHM of narrow components fitted to the hydrogen recombination lines. The black line represents the ideal behavior 
(FWHM(Hq') =1.0 FWHM(HyS)). Squares represent galaxies showing departures from this behavior of more than 25%. Circles 
represent galaxies that comply with this relation within a 25%.(a) Results for the HES. (b) Results for the 6df survey. 


5.3. Population A vs. Population B 

AGNs are separated into radio-loud and radio-quiet objects, but 
to our knowledge there has not been any deep analysis or ded¬ 
icated observations to verify the radio loudness of the sam¬ 
ple under study. In the context of optical emission line prop¬ 
erties, Seyfertl, NLSl, Seyfert2, QSOs, and broad absorption 


line QSO and LINERs are all radio-quiet galaxies. The radio 
loud galaxies can be br oadly divided into low- e xcitation and 
high- excitation classes (Mine & Long ait 1979; Laing et al. 


1994|). Low-excitation objects do not show both broad and 


strong-narrow emission lines. They can exhibit weak narrow 
emission lines that may be excited by a different mechanism 
(Baum et al. 1995); their optical and X-ray nuclear emission 
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are consistent with being generated in a jet ( |dardcastle et al 
2006). Comparatively, the optical emission line spectra of high- 
excitation objects (narrow-line radio galaxies) is similar to those 
of Seyfert 2 galaxies. The small class of broad-line radio galax¬ 
ies, which show relatively strong nuclear optical continuum 
emission (Grandi & Osterbrock 1978) and likely compress some 
low-luminosity, radio-loud quasars. Based on this, and with no 
radio information, the present sample should be comprised of 
radio-quiet gal axies, radio-loud high e xcitation and broad line 
radio galaxies. Sulentic et al. (2000a ,|b|) identified two radio¬ 
quiet AGN populations. Population A is an almost purely radio¬ 
quiet, with FWHM<4000 km s ', generally strong Feii emis¬ 
sion and a soft X-ray excess. Comparatively, Population B has 
FWHM>4000 km s * and optical properties largely indistin¬ 
guishable from flat spectrum radio-loud sources, including usu¬ 
ally weak Fell emission. A possible interpretation sees popula¬ 
tion A as lower BH mass/high accretion rate sources and pop¬ 
ulation B/radio-loud sources as the opposite. Because of the 
better spectral resolution and accuracy on the spectral fits, we 
used the 6dFGS data of our sample to study the prevalence 
of Populations A and B. Twenty-four of the galaxies with Hy6 
broad component have FWHM<4000 km s ', consistent with 
Population A, 33% of them have strong Fe ii emission. In ad¬ 
dition 12% have weak Fe ii. As for Population B sources, 17 
galaxies have FWHM>4000 km s“', with 30% having weak 
and 18% strong Fe ii emission. Fifty% of our sources with Hy6 
broademission^tweinnto_the_cate^ories_desi^nated_^Sulentic 
et al. ( |20004 |b|). We hypothezise that the remaining 50% are low- 
luminosity, radio-loud quasars. 


5 . 4 . Galaxies with double broad components 

Two out of the 87 galaxies with HES data, HE0236-3101 (ID 27, 
see Eig. and HE0236-5224 (ID 28), give a bette r US fit result 


when using a double broad component. Already 7!olina et al 


( |1991[ ) found the double broad component in HE 0236-3101, 
whereas the case of HE0236-5224 has never been described 
before. No 6dEGS data was available for these galaxies, so 
further emission lines cross checking was not possible. 


5.5. Galaxies with no broad components 

A few galaxies do not present one or both of the expected 
broad emission lines associated with the hydrogen recombina¬ 
tion lines. When both broad lines are not detected, we classify 
those sources as no broad line emitters (N.B.E in Tables ^and||). 
We And two 6dEGS (sources ID 13 and 51) and one HES sources 
(ID 51) classified as N.B.E., which makes a total number of two 
sources in the entire sample. This means that the sources are not 
Type 1 Seyferts, or that the broad components are too weak and 
buried in the noise. Tables^ and ^give details on other sources 
in which one broad component, either Ha or Hy6, is not detected. 
In those cases the nondetections are likely to be lines with low 
SNR, or lines subject to strong line blending (in particualr, for 
the Ha lines in HES sources) that makes the fit more uncertain. 


5.6. The NLR electron density 

We derived the electron density of 43 sources of the 6dEGS, us¬ 
ing the [S ii1/t6716/[S n1/ 16731 lines ratio as a functio n of elec¬ 
tron density at 10"'K (see Osterbrock & Ferland ( 2006 )). The re¬ 
sults are clearly skewed, with values clustered toward lower den¬ 


sities, between 100 and 1000 Ng/cm^ (see Eigure |^. Densities 
of the order of log(j^) ~ 2.2 are typical for the narrow-line 
regions of broad line AGN (e.g., Xu et al.|^007a| ). 
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Eig. 10; Distribution of the electron density as estimated from the 
[S ii]/167]^^[[Sii]dh73j_u^in£theflmction^ivenb^Osterbrock & 
Eerland~ ^006D . 


6. Optical emission lines diagnostic diagrams for 
the nearby LLQSOs sample 

The quality of the 6dEGS spectra is sufficiently good to clearly 
detect all optical emis sion lines involved in the three classic BPT 
( Baldwin et al. 1981 ) diagnostic diagrams. For the HES spec¬ 
tra, the detection of the [O i] and [S ii] lines is quite challenging 
and the fitting results uncertain, hence we do not present them 
here. Eigs. |T^ and illustrate the [Oiii]/Hy6 versus [Nii]/Ha 
diagnostic diagram for our nearby sample based on the 6dEGS 
and HES. Figs.[^ and show the [S ii]/Ha and [Oi]/Ha ver¬ 
sus [N ii]/Ha diagramas for the 6dfGS sources. Results are com- 
paredtoJhedistribution_ofthe_SDSS_galuxies_u^ed_b^Kewley 
et al. ( [2006bD . The latter sample selects nearby galaxies within 
the redshift range 0.04 < z < 0.1, to ensure the results are not 
dominated by aperture effects from the SDSS fiber spectra (3 " 
diameter). 


Table 3: Percentages of LLQSOs classified using the BPT optical 
diagnostic diagrams. Only sources following the narrow hydro¬ 
gen recombination lines criteria described in Sec. 5.1 and repre¬ 
sented in Eigs.j^ to are used here. 


Diagram 

Hii 

AGN/Sey 

Comp 

LINER 

[N ii]/Ha6rf/G5 

18% 

64% 

18% 

— 

[N II]/Hq'//£5 

29% 

55% 

16% 

— 

[S iiJ/Haerf/cs 

12% 

68% 

— 

20% 

[O il/Htterf/GS 

19% 

62% 

— 

19% 


Consistent with their classification, most sources of the 
LLQSOs sample populate the higher excitation region of the 
diagram. Very few galaxies lie in the densely populated star¬ 
forming branches of the SDSS sample with log([Oiii]/Hj6) < 0.0 
The HES and 6dfGS results from the [N it]-based diagram 
compare well, especially considering the differences in spectral 
resolution and aperture used in the observations (slit widths of 
between 175 and 275 for the HES and a circular aperture of 67 
in the 6dfGS). The other two emission-line diagnostic diagrams 
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are not equally sensitive to the physical processes that are tak¬ 
ing place. For instance, the [N ii]/Hq' and [S ii]/Ha diagrams are 
more sensitive to star formation with respect to the [O i]/Ha; dia- 
granp^hichJias^rovento_bemoresensitiveto_shocks_(c^Allen 
• In spite of this, the percentage of galaxies classified 


et al. 

as AGN/Seyfert remains quite constant; in all three classification 
schemes, between 50% and 68 % of the sources are classified 
as AGN/Seyfert (see Tabled). The HES results show the lower 
AGN activity, but there the quality of the spectra may be bias¬ 
ing the results. Depending on the diagram used, 10 to 35% of 
the LLQSOs are classified as Hit. This is consistent with AGNs 
showing star-forming activity potentially due to the emission 
from the extended AG N host galaxy that fall s into the aperture 
used. As discussed by Maragkoudakis et al. ( 2014 ), in a study 
using simulations as well, the starlight coming from the host 
galaxy is responsible for the Hii classification. Between about 
15 and 20% of the cases exhibit composite emission, and 20% 
of the sources are LINER. The presence of LlNER-like emission 
is unexpected but not impossible. Nuclear LINER emission can 
be produced by an AGN, but ext ra nuclear LINER-like emiss ion 
can be explained by fast shocks ( Dopita & Sutherland 19951: ) or 
photoionization by late-type stars. 

One additional particular case, which we should stress is the 
example of a galaxy that can be clearly discriminated in the diag¬ 
nostic diagram of 6 dEGS due to its extreme location (see Figure 
[nl ); the galaxy with id 25 (HE 0227-0913) is located in the lower 
left part of 6 dEGS classification diagram, but unfortunately the 
lack of the HES data do not allow us to compare the two classif- 


cations. Previous studies by Sosa-Brito et al. (2001) found that 
the galaxy has strong Balmer lines and the ratio [Oiii]/HjS is 
uncharacteristically low for the narrow line region of a Seyfert 
galaxy, which agrees with 6 dEGS results. 


7. Discussion 


The spectroscopic analysis of the LLQSOs sample helped us ex¬ 
amine the properties of these systems. Notably, we probed the 
widths of the emission lines and the activity schemes of the sam¬ 
ples. Moreover, we compared these features using two observa¬ 
tional methods (fiber and typical long-slit spectroscopy). 

Our targets comprise members of the Seyfert 1 category 
showing a typical range of emission line widths, FWHM > 1000 
km s ' and the widths of the Ha and H U broad componen ts fol¬ 
low a linear correlation in agreement to Zhou et al. ( 2006 ). 

The physical interpretation of these additional components is 
not straightforward. For example, HE 0236-3101 presents dou¬ 
ble broad components,while earlier studies have shown that this 
galaxy is an accreti on disk candidate among luminous galaxies 
( [Colina et al. 1991). These broad Balmer emission line profiles 
are consistent with models of inclined small relativistic accre- 
tion disks around a massive black hole (iPerez et al.||l988l Chen 
& Halpern l!^ ; Palpern| [1990^ 

Previous X-ray studies of the double-peaked emitters 
(Balmer lines) such as HE 0203-0031 show that the illumina¬ 
tion of the accretion disk requires an external power to produce 
lines o£Ais_strength_due_JoJrisufficien£2ocal_^ower_(Strateva 
et al. |2006D . However, the fact that the X-ray emission of double- 
peaked emitters as a class does not differ from that of normal 
AGN with similar properties suggests that a peculiarity of the 
X-ray emission structure and mechanism is not responsible for 
the occurrence of double-peaked Balmer lines in AGN. On the 
other hand, the presence of double narrow components may be 
an indicator for superwinds. Galaxies in the local universe with 
large IR luminosties (L/^ > IO 44 erg/s), large IR excesses (L/^ / 



log([NII]/Ha) 


Fig. 11: [Nii]/Ha versus [Oiii]/H/l diagnostic diagram for the 
6 dFGS data. The solid line is the theoretical maximum starburst 
limit (Kewley et al. 2001). The sources that are located above the 
line are classified as AGN. Galaxies that lie below the star forma¬ 
tion demarcation dashed line (Kauffmann et al. 2003a) are classi¬ 
fied as H II region-like galaxies. The galaxies that lie between the 
two demarcation lines are on the AGN-H ii mixing sequence and 
are called composite galaxies. Th e dark cloud represent s SDSS 
galaxies from a previous study by Kewley et al. (]2006b|). Green 
circles represent galaxies that follow the narrow lines width cri¬ 
teria (see Sect. 5.1), and red squares represent those that do not. 
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Fig. 12: Same as Fig. except with the HES data. Blue circles 
repre sent galaxies that follow the narrow lines width criteria (see 
Sect. 5.1), and red squares represent those that do not. 


hopT > 2), and/or warm far-IR colors (flux density at 60 micron 
greater than 50% of the flux density at 100 micron) drive super¬ 
winds (Heckman et al. 1990). However, the lack of relevant data 
and the low spectral resolution prevents us from further conclu¬ 
sions. 

The fraction of NLSls in the 6 dfGS data presente d is about 
10%, which is consistent with previous findings (e.g., Komossa 
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Fig. 13: [Oi]/Ha versus [Oiii]/Hy6 diagnostic di agram for the 


6dFGS data. The demarcation lines are from Kewley et al 


(2006b). The solid line represents the division between Seyferts 
and LlNERs. The d ark cloud repr e sents S PSS galaxies from 
a previous study by Kewley et al. (2006b). Green circles rep- 
rese nt ga laxies that follow the narrow lines width criteria (see 
Sect. 5.1), and red squares represent those that do not. 
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Fig. 14: [Sii]/Hq: versus [Ora]/H/l diagnostic di agram for the 


6dFGS data. The demarcation lines are from Kewley et al 


( 2006b ). The solid line represents the division between Seyferts 
and LlNERs. The d ark cloud repr e sents S PSS galaxies from 
a previous study by Kewley et al. (2006b). Green circles rep- 
rese nt ga laxies that follow the narrow lines width criteria (see 
Sect. 5.1), and red squares represent those that do not. 


2008). Nevertheless, there is some disc ussion, whether NTS Is 


really represent a class of their own (cf., Valencia-S et al. 2013 
and referenc e s there in). 

Au et at. (2007b) introduced the “zone of avoidance”, where 
AGNs with lines FwHM H/1 > 2000km s ' avoid low densi¬ 
ties, whereas NLSyl galaxies show a wider distribution in the 
NLR density, including a number of objects with low densi¬ 


ties. Outflows may play a key role in driving differences in the 
NLR between NLS1 andBLSl (Broad Line Seyfert 1) , and con 


sequen tly the zone of avoidance can be explained (Xu et al. 


2007b). Additionally, they discuss a number of explanations, 
such as supersolar metalicities, temperature effects, starburst 
contributions in NLSl, and the effect of NLR extent, which can¬ 
not support the idea of zone of avoidance in density. The NLR 
electron density values are consistent with those typically mea¬ 
sured in our sample (see Lig |^, although some sources are lo¬ 
cated in the zone of avoidance. Starburst contribution in a frac¬ 
tion of our sample can lead to lower measured density due to 
lower average density of Hit regions. Starburst activity is boosted 
in the young obje cts, since they are still in the process of growing 
their black holes ( Mathur & Grupe 2005| ). Moreover, the geom¬ 
etry of the NLR has been suggested to be responsible for the 
lower average densities, since the density declines outward in 
the extended NLR, . 



FWHM HP [km/s] 


Lig. 15: LWHM of the Wfi broad component vs. 
[Sii]/I6716//I6731 for our sample as measured with the 6df 
survey. Lilled symbols represent galaxies for which the LWHM 
restriction considered between the broad components of Ha and 
Hp is fulfilled. The shaded area marks the zone of avoidance for 
AGNs with b road lines (LW HM(H/1) > 2000 km s ') 

, as defined by |Xuetal.| ( ^007b| ). 


The fraction of LlNERs (20%) was not expected in our sam¬ 
ple but their presence can be explained. The [S ii]/Ha and the 
[O i]/Ha diagram are considered to be more effective in sep - 


arating Seyfert from LINER galaxies ( 

Kewley et al. 

O 

O 

The SDSS galaxy sample ( 
galaxies that are classified 

Kewley et al. 
as composite 

2006b) shows that the 
using the [N ii]/Ha di- 


agram are mostly located within the star-forming sequence on 
the [S ii]/Ha diagram. This tendency seems to be followed by 
our sample as well. The [Oi]/Ha diagram is more sensitive to 
shocks and therefore is a more reliable tracer of changes in the 
ionization conditions due to fast shocks. The other diagrams are 
more sensitive to star formation. Star formation activity can be 
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distributed all over the disk and can produce different ionizing 
continua. Additionally , the tr end in late-type galaxies studied by 
Maragkoudakis et al. (2014) agrees with our LINER fraction. 
Spiral galaxies show lower [Oiii] values with increasing aper¬ 
ture. Hence, the unpredictable LINER activity in LLQSOs sam¬ 
ple could also be justified as a result of aperture efffect. 


7. 1. Aperture effect vs. sources variability 


One unique aspect of the present study is the comparison be¬ 
tween two data sets that have been taken with considerably dif¬ 
ferent apertures. When comparing the data sets it is challenging 
to distinguish between differences that are due to variablility, ei¬ 
ther in the BLR, NLR or outer regions, or to the aperture effect. 
This would be better addressed using deconvolution techniques 
to separate the cen tral point source from the background/host 
emission (see, e.g., Lucy (& Walsh (2003) for successful decon¬ 
volution of QSO long-slit data). However, these methods are not 
applicable in this study. In the case of 6dEGS, each galaxy is ob¬ 
served using a fiber, a single ID spectra is obtained and hence 
there is not spatial information. As for the HES, the already ex¬ 
tracted ID spectra we have access to exhibit a variety of SNR 
in the studied emission lines. Her and [Oiii]/I5007 are usually 
strong with a SNR of the order of 40 or more, depending on the 
case. As for H/I its strength varies from about 3 to more than 10. 
These observations used slits of between 1”.5 and 2”.5 width. 
Assuming the extracted galaxy spectra was distributed over a 
number of N pixels across the slit, this would reduce the ob¬ 


served SNR by a factor of Viv. In many cases this would ren¬ 
der the spatial signal of the line too weak to be useful to 
perform a deconvolution. In any case, to apply spectral decon- 
voution techniques (at least in our long-slit data) we would need 
the 2D long-slit information and ideally (although not necessar¬ 
ily) a neighboring star to model the PSE. The present discussion 
is meant to clearly point out the issues faced when comparing 
different spectral data sets, and to clearly constrain the possible 
nature of the differences found and exploit the data we have in 
the best possible way. 


When comparing the HES and 6sEGS spectra, several of our 
sources presented remarkable differences (see example in left 
panel of Eig. in the relative strength on the emission lines 
and in the detection as well (e.g., H/l broad component). After 
carefully cross-matching the sources and applying the narrow 
line widths quality criteria (as defined in Section 0), we ended 
up comparing 12 LLQSOs. Eor some of these sources the classi¬ 
fication in the BPT diagram significantly changes depending on 
the data used (see Pig. ^ Left), whereas for others the changes 
are not significant (see Pig.Right). We estimated the average 
travel distance for these sources to be ~ 0.4 dex in both axes 
of the BPT diagrams (three times more than the maximum es¬ 
timated uncertainty of 0.13 dex derived from not correcting the 
Pen contribution; see section^). 


Prom purely the instrumental point of view, there are two 
main reasons why a source observed with two different instru¬ 
ments can render different classifications. Pirst, the differences 
in instrumentation setup; and second, differences in the spec¬ 
tral resolution (see discussion in Sect. 5.1). In the HES case, the 
slit width varied between T.'5 and 2'.'5 and was placed using an 
east-west slit position angle, while the 6dfGS uses a 6'.'7 circular 
fiber centered in the source. As illustrated in the right panel of 
Pig. 1^ this means that different regions of the galaxy are being 
observed, which could easily lead to differences in the spectra 
and in classification. In the context of the aperture effect, two 


main effects_can^e_describe±_diIution_andJriclu^ion_^Storchi- 
Bergmann |1991D . 

- Inclusion of new emitting regions: regions of star formation 
or ionization cones included in one of the apertures used and 
rejected by the other could easily be responsible for a change 
in the source classification. Inclusion effects could change a 
source classification from H ii to Composite or AGN, or vice- 
versa. 

- Dilution of the emitting region: Dilution effects can be re¬ 
sponsible for an AGN classification moving from higher to 
lower excitation regions, or simply to composite/H ii. In this 
context, large amounts of starlight could simply enhance the 
H II contribution to the source. 


These effects are difficult to categorize in an absolute way, as the 
results really depend on the galaxy geometry and internal struc¬ 
ture. However, cases in which the classification of a source is 
almost the same (as in Pig. Right) point toward the source be¬ 
ing dominated by its nuclear and close circumnuclear emission. 

There is, however, the possibility of sources being variable. 
Here two different scenarios are plausible: variability of the 
emission coming from the narrow lines (e.g., NLR and stellar 
light) and variability in the BLR. The latter would not have 
a direct impact in the BPT classification, which uses only the 
narrow lines, but may affect the fits and dilute the stellar com¬ 
ponent. The lifetime of an Hii region is of the order of 10® 
years, in that period of time there are several events that, if ob¬ 
served, would change a galaxy classification. The bright Helium 
pulse flashes that occur periodically in AGB stars last for about 
hundreds years every 10^ ~ 10® years, depending on the stel¬ 
lar mass. These events, even if they are coming from a stellar 
cluster, are not measurable in the timescales of our observations 
(ranging from 2 to 12 years). Supernova e explosions can be ver y 
bright events, of about Mb=-15 to -19 (|Tichardson et al. 2002), 
or 10*®Lo, which would make them detectable in some of our 
sample cases (see Pig.[I|). They, however, decay very rapidly in 
timescales of the order of 100-200 days. This makes them dif¬ 
ficult to observe in extragalactic observations, but that possibil¬ 
ity is open. Pinally, the NLR and BLR could potentially undergo 
variability. The NLR densities are much smaller than in the BLR 
(n^ of 10^ cm“® vs. a maximum of about 10"^ cm“3 for our 
LLQSOs, see Pig. Ill)- Variability in the BLR goes much faster 
than in the NLR, and in the NLR it lasts longer, as the lower 
density changes do not propagate as fast. So in the timescales 
of our observations (2-12 years) a change in the BLR could be 
measured, but not in the NLR. 

One way of verifying if the BLR has not undergone variabil¬ 
ity is to represent the ratio between the narrow and broad line 
components of the li/3 line (see Pig. |^. We chose to use li/3 for 
this because the spectral resolution, and hence the line fits, are 
better in that region. Por three sources, the relation between the 
broad and narrow line components remains constant between the 
years of the HES and 6dfGS observations. This proves the con¬ 
sistency between the convolution and flux conservation of both 
data sets. Two of them (#55 and #46) essentially show no vari¬ 
ation in classification based in the narrow lines (see left panel 
of Pig. 0 ), meaning that the sources are nuclear dominated 
and have not undergone any variability. The third source (#3) 
with a constant li/3 line ratio in time shows a relative shift on 
the activity classification and interestingly located in the zone 
of avoidance with lower averaged NLR density. Source #38 has 
a constant classification based on the BPT, but its li/3 broad-to- 
narrow relation changes, making it a candidate for BLR variabil¬ 
ity. Pinally, sources #7, #81, and #43, as well as the rest of the 
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Fig. 16: Left: top and bottom spectra show the HES and 6df spectra for the same source (#69, HES1248-1356, redshift 0.0145), 
respectively. Optical emission lines of interest are labeled. Right: composite 2MASS image of HES1248-1356. White 

straight lines depict a slit of 2"0 width with EW orientation, as a reference for the slit used in the HES. The white circle represents 
a 6'.'7 diameter fiber, as that used in 6dfGS. 




log([NII]/Ha) log([NII]/Ha) 

(a) (b) 


Eig. 17: Diagnostic diagram of cross-matching sources, illustrating the aperture effect. Filled green symbols represent the 6dfGS 
classification, whereas empty blue symbols show the classification as estimated with the HES. Source identifiers are also given. 
The 6dfGS data were all taken later in time than the HES, changes in classification are also indicated by arrows. Eor all sources, 
the redshift and years between observati ons is given. Sources comply with the quality criteria defined for the width of the narrow 


hydrogen recombination lines in Section 5.1 


studied LLQSOs, could be suffering from aperture effect as well 
as from variability. We do not have enough information from the 
data at hand to disentangle this effects. 

We have also tested the ratio of the broad over narrow HyS 
components for the cross-matching sources. As mentioned in 
Section 5.1, our HES sources have not been corrected for in¬ 
strumental broadening. By using FWHM ratios, we are elimi¬ 
nating any bias that would show up by comparing just measured 
widths. Eigure shows that the importance of the broad over 
the narrow component is systematically higher for our 6dEGS 
cross-matched sources. This indicates that the better resolution 
of the data have a direct impact in the results, and that the HES 
results are clearly biased. 


8. Summary 

We presented an optical spectroscopy study of a sample of 99 
LLQSOs, using two different sets of data. The HES data, ob¬ 
served with a slit and low spectral resolution, and the public 
6dFGS data, whose spectra were obtained using a fiber and 
medium spectral resolution. The aims of the present investiga¬ 
tion were to characterize the sample optical spectral properties, 
classify their activity, and study the effect of changes in aperture 
vs. variability of the BLR and/or NLR. We found the narrow 
and broad line widths to be within the expected values, on av¬ 
erage several thousand km/s for the broad and <1000km/s for 
the narrow components. However, the results were sensitive to 
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Fig. 18; Ratio of the H/l broad component over H/? narrow com¬ 
ponent for the cross-matched sources of both samples, which 
follow the broad lines width quality criteria defined in Section 
5.1. 



Fig. 19; Ratio of the FWHM of the H/l broad component over 
FWHM of the H/l narrow component for the cross-matched 
sources of both samples, which follow the broad lines width 
quality criteria defined in Section 5.1. 


the spectral resolution and continuum characteristics of the spec¬ 
tra. For this reason, several fitting constrains and post-processing 
quality flags were used to ensure the consistency of the results. A 
small number of galaxies presented no broad component, but it is 
likely that they were buried in the data noise. We also found two 
sources with spectral characteristics consistent with the presence 
of double broad components, and six galaxies that comply with 
the classic NLSl requirements. As for the NLR electron density 
value of our sources, it exhibits lower densities ~ 2 to 3 cm“^, 
consistent with NLR regions of broad line AGNs. The results 
are in go o d agree ment with the zone of avoidance presented by 
Xu et al. (2007b|). We also tested the relevance of Population A 
vs. Population B. Using only optical-based indicators, we And 
that 50% of our sources with Hj6 broad emission fit well into 


the Sulentic et al. ( 20004 |b|) radio-quiet sources definition. The 
remaining sources could be interpreted as low-luminosity, radio- 
loud quasars. 

We presented the activity classification schemes (BPT dia¬ 
grams) for both surveys, showing an AGN/Seyfert activity of be¬ 
tween 50-60%. The starburst contribution throughout the galaxy 
might control the LINER and H ii classification of our sample. 
We justified the notable differences in classification from the 
comparison of the HES and 6dfGS spectra in the context of the 
aperture effect. It is challenging to quantify these effects since 
they depend on the galaxy structure and geometry. Alternatively, 
the differences measured could be due to variability in the BLR, 
although the nature of our data prevents us giving from a more 
precise quantification. 
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Table 4. Fitting results of 6dFGS survey. The luminosities ratios and and both narrow and broad FWFIM of the Flydrogen lines are shown. An 
additional column with some comments describes broadly the quality of the spectra and the emission of the lines. :j: and f mean that the source 
complains with the narrow and broad line widths requirements defined in Section 5.1, respectively. 


Comments 

ID 

[Nii]/Hff 

[Oiii]/ife 

[S ii]/Hu 

[Oil/Ho- 

FWHM Her (km/s) 

FWHM up (km/s) 







NaiTow Component 

Broad Component 

Nan'ow Component 

Broad Component 

t 

3 

0.40 

8.31 

0.66 

3.45 

423.5 

2844.6 

465.8 

4612.9 

NolOiltt 

4 

0.23 

6.01 

0.37 

— 

585.2 

2669.4 

472.8 

3385.4 

NLSl t 

5 

0.26 

1.46 

0.15 

0.02 

675.3 

2382.9 

608.0 

1537.8 

tt 

7 

0.41 

11.85 

1.49 

0.50 

345.5 

2182.2 

423.4 

3116.7 

NLSlt 

8 

0.78 

0.23 

0.31 

0.03 

326.1 

1246.9 

335.7 

526.2 

No H/3 broad t 

9 

0.47 

3.97 

0.77 

0.21 

496.5 

2813.1 

408.7 

— 

t 

12 

0.45 

1.78 

0.44 

0.04 

324.9 

1488.9 

403.4 

3248.1 

N.B.E. 

out 

No HjS broad t 

13 

14 
19 

0.70 

3.32 

0.48 

0.12 

409.1 

328.8 

— 

— 

0.85 

7.80 

0.43 

0.22 

381.7 

33756.0 

439.0 

_ 

No broad 

20 

0.48 

6.97 

0.93 

3.64 

311.1 

4241.7 

438.9 

— 

No [Oi], Uncertain [N ii] 

22 

— 

13.04 

0.02 

— 

377.8 

6275.2 

532.4 

3512.8 

t 

23 

1.34 

24.99 

0.53 

0.32 

502.3 

3072.6 

561.1 

— 

tt 

24 

0.47 

8.88 

0.84 

0.24 

481.9 

3709.1 

477.5 

4371.6 

No [O i] t 

25 

0.04 

0.39 

0.82 

— 

546.7 

1937.2 

718.3 

3254.4 

No [Oi] tt 

26 

0.48 

11.32 

0.72 

— 

558.8 

4791.1 

558.0 

5502.8 

NLSl t 

29 

0.91 

10.49 

0.78 

0.18 

410.6 

1803.9 

622.2 

1848.8 

t 

30 

0.62 hhhh 

3.49 

0.36 

0.17 

492.5 

3230.4 

392.3 

3453.0 

No Hj3 broad 

32 

1.52 

2.87 

0.26 

0.10 

652.2 

3982.4 

484.3 

— 

t 

33 

0.39 

2.90 

0.68 

0.14 

384.5 

2183.9 

407.4 

4065.7 

t 

35 

0.20 

5.57 

1.27 

1.07 

433.4 

3214.3 

466.8 

5237.6 


36 

5.26 

3.15 

1.53 

7.30 

597.7 

4540.5 

285.2 

14403.6 

t 

38 

0.80 

3.84 

0.40 

0.16 

475.2 

5248.5 

537.3 

4705.2 

tt 

40 

0.72 

6.59 

0.25 

0.20 

393.7 

2990.3 

476.5 

4172.0 

tt 

41 

0.45 

1.69 

0.28 

0.12 

391.9 

3162.2 

481.9 

4683.6 


42 

0.57 

10.24 

0.88 

0.79 

402.9 

9959.6 

541.7 

5226.5 

tt 

43 

0.12 

11.27 

0.91 

0.36 

448.8 

3489.2 

421.6 

4773.0 

tt 

44 

0.25 

6.49 

0.37 

0.06 

494.2 

2433.9 

422.8 

3320.1 

No[Oi], [Sii] tt 

46 

0.60 

3.44 

0.20 

— 

832.8 

3159.7 

899.0 

4588.0 

N.B.E. t 

51 

0.15 

2.75 

1.29 

0.20 

332.5 

— 

392.2 

— 

out 

52 

— 

— 

0.46 

1.63 

— 

3187.0 

— 

— 

out 

53 

— 

— 

0.90 

— 

— 

7369.8? 

— 

— 

NLSl tt 

54 

0.20 

3.52 

1.34 

0.28 

428.1 

1734.1 

434.4 

1886.5 

No [O i] t 

55 

0.28 

0.98 

0.57 

— 

451.7 

1596.7 

509.5 

3286.1 

t 

58 

0.13 

2.62 

0.58 

0.18 

558.5 

1982.9 

503.3 

3192.6 

No [Oi] 

59 

0.39 

3.12 

0.08 

— 

823.3 

2829.7 

557.7 

2268.6 

t 

62 

0.65 

2.00 

0.33 

0.07 

408.8 

2209.0 

589.4 

3248.9 

tt 

64 

0.65 

1.91 

0.25 

0.55 

486.2 

2352.0 

479.1 

3014.8 

No Hj3 broad 

66 

0.39 

8.50 

0.90 

0.40 

596.9 

3314.9 

471.8 

— 

No H/3 broad No [0 1 ] t 

69 

1.14 

— 

0.29 

— 

369.0 

2915.6 

431.6 

— 

tt 

71 

0.13 

9.42 

0.95 

0.73 

417.5 

2744.8 

455.9 

3688.3 

t 

72 

1.96 

2.22 

0.17 

3.42 

285.4 

1922.6 

1146.3 

2860.3 


73 

1.53 

11.99 

0.64 

0.25 

554.8 

3768.3 

743.6 

7556.9 

t 

74 

0.36 

2.83 

0.22 

1.18 

626.4 

2147.3 

471.6 

2510.8 

t 

76 

1.02 

13.39 

0.89 

0.37 

524.1 

4919.8 

761.5 

4811.7 

NLSl 

77 

0.01 

2.78 

1.53 

3.59 

816.4 

2625.9 

398.1 

1501.5 

tt 

78 

0.76 

8.01 

0.65 

0.10 

368.3 

5198.1 

373.4 

7138.5 

t 

81 

0.13 

4.31 

1.34 

0.65 

405.4 

1741.4 

414.1 

3406.6 

NoHyS 

82 

— 

9.28 

— 

— 

369.1 

4515.9 

— 

— 

No [0 III] 

83 

1.00 

— 

0.63 

0.24 

509.8 

4742.2 

392.0 

— 

tt 

84 

0.95 

7.56 

0.24 

0.15 

476.9 

5253.2 

382.9 

7523.7 
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Table 4. continued 


Comments 

ID 

[Niil/Ho- 

[Oiii]/H/3 

[S ii]/Hff 

[Oil/Hff 

FWHM Ha (km/s) 

NaiTow Component Broad Component 

FWHM H^ (km/s) 

Nan'ow Component Broad Component 

out 

86 

— 

— 

— 

0.29 

— 

3174.9 

— 

— 

tt 

87 

0.13 

8.69 

1.10 

1.00 

446.4 

2620.8 

412.4 

3118.6 

No np broad. No [0 1 ] t 

90 

0.48 

1.54 

1.30 

— 

385.4 

2647.9 

342.0 

— 

No[Oi],NLSl t 

91 

0.28 

0.72 

0.16 

— 

856.7 

1124.4 

— 

1126.7 

N.B.E. tt 

94 

0.59 

2.96 

0.50 

0.16 

623.1 

— 

549.3 

— 

tt 

96 

1.22 

13.07 

0.10 

0.17 

700.0 

1462.7 

628.4 

2204.3 


97 

1.14 

17.16 

0.52 

0.59 

330.2 

4815.9 

457.2 

11037.7 






Table 5. Fitting results of FIES survey. The luminosity ratios and both narrow and broad FWITM of the Hydrogen lines are shown. An additional 
column with some comments describes broadly the quality of the spectra and the emission of the lines. :j: and f mean that the source complains 
with the narrow and broad line widths requirements defined in Section 5.1, respectively. 


Comments 

ID 

[Nii]/Hq' 

[Oiii]/H/l 

FWHM Ha (km/s) 

NaiTow Component Broad Component 

FWHM H^ (km/s) 

Nan'ow Component Broad Component 


1 

0.23 

3.23 

1127 

3396 

672 

2264 

No H/1 broad 

2 

1.08 

8.24 

479 

11920 

746 

— 

tt 

3 

0.53 

5.87 

111 

5460 

667 

6394 

tt 

6 

0.52 

3.42 

842 

4590 

999 

5293 

t 

7 

0.05 

4.34 

921 

1432 

1151 

3647 

No Wfj broad 

8 

0.89 

1.89 

932 

1474 

1561 

— 

t 

9 

2.45 

1.73 

1550 

1545 

1377 

4162 

t 

11 

0.84 

5.86 

931 

3201 

1379 

3645 

tt 

12 

0.45 

6.10 

1082 

6440 

1115 

7589 

t 

15 

0.43 

1.09 

785 

3784 

1114 

4392 

tt 

16 

0.76 

8.53 

1201 

4559 

1489 

5299 

tt 

17 

0.29 

1.17 

1391 

5485 

1674 

7038 

tt 

18 

0.17 

4.95 

1667 

4445 

1600 

5186 

t 

19 

0.70 

7.80 

866 

4612 

1234 

7079 

tt 

20 

1.72 

18.21 

666 

4839 

602 

6178 

No Ho' broad 

21 

0.26 

1.46 

802 

-- 

1540 

1495?? 

t 

22 

0.15 

12.9 

2217 

7737 

789 

7502 


23 

0.20 

3.30 

2067 

7451 

967 

5115 

No Ha fitted 

24 

— 

8.51 

— 

— 

600 

5653 


27 

0.65 

1.49 

831 

4486 

1633 

3879(blue)/3400.94(blue) 

No Ho fitted 

28 

— 

16.25 

— 

— 

1113 

6043(blue)/5220(red) 


29 

0.88 

3.81 

671 

2172 

1329 

4079 


30 

0.73 

2.38 

1036 

3346 

1630 

6834 

tt 

31 

0.54 

4.91 

977 

4362 

848 

5660 

No HjS broad 

32 

1.39 

2.62 

855 

3672 

1148 

-- 

tt 

33 

0.38 

2.36 

1226 

3678 

1186 

4544 

t 

34 

0.61 

4.58 

111 

4396 

1015 

7184 

tt 

37 

0.10 

0.54 

928 

4021 

1223 

6046 

tt 

38 

0.50 

3.87 

669 

3900 

677 

5224 

t 

39 

0.11 

5.98 

1704 

3616 

1187 

3462 

t 

40 

0.69 

13.98 

698 

4208 

525 

4059 

No Hfi broad 

41 

0.29 

0.24 

765 

2414 

1405 

— 

t 

42 

1.99 

9.48 

1576 

8127 

1066 

9432 

tt 

43 

0.23 

10.79 

1039 

4870 

1203 

5948 

t 

44 

0.99 

1.16 

1142 

4541 

1609 

6897 

t 

45 

0.19 

2.36 

584 

4367 

568 

1846 

tt 

46 

0.70 

3.34 

999 

3371 

1209 

3628 


47 

0.39 

3.96 

1871 

4589 

1203 

4087 

t 

48 

1.85 

1.90 

602 

4487 

1317 

6247 

tt 

49 

0.13 

1.82 

1172 

3906 

1187 

4531 

N.B.E. t 

51 

0.12 

1.01 

993 

— 

2107 

— 

t 

53 

0.55 

0.62 

1008 

4725 

1110 

9256 


54 

0.20 

1.30 

1047 

3230 

1401 

5279 

t 

55 

0.21 

0.95 

883 

2878 

1093 

4679 

tt 

57 

0.24 

1.98 

1194 

3012 

1589 

3486 


58 

0.09 

1.77 

1264 

3787 

1784 

6782 

tt 

59 

0.25 

1.58 

1516 

3031 

1279 

2994 

No Ho- broad 

60 

0.25 

2.59 

1143 

-- 

1606 

4556 

t 

61 

1.23 

3.97 

586 

4403 

1280 

5129 

t 

62 

0.78 

2.09 

1067 

4321 

1566 

5043 


63 

0.24 

0.38 

498 

5125 

— 

— 
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Table 5. continued 


Comments 

ID 

[Nii]/Hff 

[Oiii]/H/l 

FWHM Ha (km/s) 

NaiTow Component Broad Component 

FWHM H^ (km/s) 

Nan'ow Component Broad Component 


64 

0.63 

1.35 

1675 

3878 

1012 

2356 


65 

0.10 

1.42 

1969 

6494 

1466 

3019 

No Wfi broad 

66 

0.36 

9.73 

400 

3724 

771 

-- 

t 

69 

1.56 

23.3 

890 

4171 

849 

2387 

t 

71 

0.11 

6.22 

433 

3119 

738 

4491 

tt 

72 

0.47 

0.93 

1285 

3028 

1704 

3498 

out 

73 

— 

— 

— 

— 

— 

— 

t 

74 

0.07 

0.79 

1129 

4841 

591 

6317 


75 

0.51 

2.16 

3646 

5551 

1020 

4540 

t 

78 

0.02 

9.98 

1324 

1608 

1618 

7918 

t 

79 

0.15 

4.34 

681 

3613 

602 

6201 


80 

0.51 

3.94 

934 

3271 

1339 

2769 

No Ha broad t 

81 

0.24 

2.88 

1179 

— 

1277 

3507 

t 

82 

1.00 

16.65 

2106 

5046 

1290 

5822 

tt 

90 

0.34 

3.76 

1699 

6255 

1544 

7234 

No H/3 broad 

91 

0.57 

0.48 

527 

1727 

1299 

— 

t 

92 

0.53 

2.74 

1024 

3663 

1325 

7774 

tt 

93 

1.11 

10.70 

670 

8877 

891 

11825 

t 

97 

0.62 

6.39 

519 

5877 

1227 

7343 

t 

98 

0.37 

6.89 

500 

1767 

764 

1892 

t 

99 

0.32 

0.79 

1184 

3672 

1153 

2625 
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